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placement module for Subsea operation including a motor 
and a pump or compressor. Lubrication fluid is momentarily 
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flow control module arranged in conjunction with a Subsea 
pressure control unit configured for controlling the Supply 
and discharge of barrier and lubrication fluids to/from the 
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1. 

METHOD FOR MOMENTARY 
HYDROSTATC OPERATION OF 

HYDRODYNAMIC THRUST BEARINGS IN A 
VERTICAL FLUID DISPLACEMENT 

MODULE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional application of co-pending 
U.S. patent application 13/329,767 filed 19 Dec. 2011 and 
claims priority to Norwegian patent application 20101770 
filed 17 Dec, 2010. 

TECHNICAL FIELD OF THE INVENTION 

The present invention refers to a system and a method for 
momentary hydrostatic operation of hydrodynamic thrust 
bearings for rotors in pumps or compressors designed to be 
operated in the underwater production of hydrocarbon flu 
ids, wherein the pump or the compressor is driven by a 
motor and together with the motor arranged in a fluid 
displacement module having vertical orientation during 
operation, and in which barrier and lubrication fluids are 
circulated to prevent ingress of seawater and production 
fluids into cavities, seals and bearings of the fluid displace 
ment module. 

BACKGROUND AND PRIOR ART 

Pumps and compressors operated in the recovery of 
hydrocarbon products at great sea depths are subjected to a 
harsh environment including e.g. high pressures in the order 
of well over 100 bar. In order to prevent ingress of liquid, gas 
and Solid particles into the motor and pump? compressor 
structures, hydraulic fluid at slightly higher pressure is 
circulated through the structures to provide lubrication and 
barriers that prevent intrusion of harmful matter. Typically, 
barrier and lubrication fluid is circulated through the motor 
structure at a first pressure, and barrier and lubrication fluid 
is circulated through the pump or compressor structure at a 
pressure that is slightly lower than the pressure in the motor 
fluid circuit. A pressure difference of about 5-10 bar is often 
applied and Sufficient to separate the motor and pumpf 
compressor fluid circuits, and the same pressure difference 
can be applied to separate the barrier and lubrication fluid 
circuits from the production fluid in the pump or compressor. 
The motors, pumps or compressors used for this purpose 

are heavy duty designs requiring considerable power to 
bring the pumps or compressor's rotor(s) in rotation, as well 
as long life bearings to take up thrust load applied to the 
rotor by its weight and from the production fluid. Once in 
rotation lubrication fluid is pressurized and fed by the rotor 
or by means associated with the rotor to Supply tilted pads 
of a thrust bearing to allow for hydrodynamic lubrication 
film build-up and thereby to keep thrust-engageable Surfaces 
separated with a fluid film flow between the surfaces. 
At stand still, the thrust-engageable Surfaces may come 

into contact under the weight of the rotor, e.g., or in result 
of the static pressure in the pumped medium at stand still. 
Changeover from rotation to non-rotation and vice versa, i.e. 
at start-up and shut-down, imposes a problem as the hydro 
dynamic operation of the thrust bearing fails when the rotor 
speed is insufficient for separating the thrust-engageable 
surfaces. At start-up and shut-down, rotation of the “dry” 
bearing causes wear of the thrust-engageable surfaces. Start 
up of a pump or a compressor with dry bearings results 
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2 
initially in a very high torque demand, which calls for a 
corresponding over-sizing of the Subsea power distribution 
grid, motor and transformers, etc. 

SUMMARY OF THE INVENTION 

The present invention aims to avoid the problems of wear 
of thrust bearings and provides a Solution that reduces the 
torque requirement and thereby the power and current 
requirement at start up of the motor and pump? compressor 
module. 
The object is met in a system for momentary hydrostatic 

operation of hydrodynamic thrust bearings in a vertical fluid 
displacement module for Subsea operation comprising a 
motor and a pump or compressor, wherein said module is 
connected to a pressure control unit located Subsea and 
arranged for controlling the Supply and the discharge of 
barrier and lubrication fluids to and from said module. 
Barrier and lubrication fluid is circulated within the motor at 
a first pressure in a barrier and lubrication fluid circuit, and 
barrier and lubrication fluid is circulated within the pump/ 
compressor in a barrier and lubrication fluid circuit at a 
second pressure lower than said first pressure. 
A fluid Supply line is arranged, connecting a flow control 

unit and hydrodynamic thrust bearing(s) in the pump?com 
pressor, and flow control means in the fluid Supply line is 
controllable for momentarily supplying fluid to the thrust 
bearing(s) at a pressure Sufficient to generate a fluid film 
between thrust-engageable Surfaces in the thrust bearing(s) 
at start-up and shut-down, respectively, of the pump?com 
pressor. A fluid communication is arranged for discharge of 
fluid from the thrust bearing(s) to the barrier and lubrication 
fluid circuit in the pump/compressor, whereby fluid flow 
(driving pressure) between the thrust-engageable Surfaces at 
start-up and shut-down, respectively, is generated in 
response to fluid discharge from the pressure control unit to 
a process fluid flow. 

Through this arrangement it is ensured that hydraulic fluid 
is instantly available at sufficient pressure and volume for 
separation of the thrust-engageable Surfaces at start-up and 
shut-down of the pump or compressor. The discharge of 
fluid from the bearing(s) via the pump/compressor barrier 
and lubrication fluid circuit and the pressure control unit 
further ensures that appropriate pressure difference between 
the barrier and lubrication fluid circuits of the motor and the 
pump/compressor, respectively, can be maintained through 
pressure control in the pressure control unit. By arranging 
fluid supply to the bearing(s) from a flow control unit located 
Subsea there is achieved fast response and a compact struc 
ture. 

In a preferred embodiment the flow control means com 
prises a flow control valve, such as an on/off control valve, 
and a check valve arranged in series in the fluid Supply line 
connecting to the thrust bearing(s). In addition, the flow 
control means may comprise a pressure regulating valve. 
The pressure regulating valve may be associated with an 
electrical motor drive allowing for remote adjustment of the 
hydrostatic pressure Supply level. 
The flow control means may be housed inside a subsea 

flow control unit, or in the pressure control unit, both of 
which may be arranged as retrievable units of the system. 

Preferably, hydrostatic operation of the thrust bearings is 
managed from topside via electrically responsive flow con 
trol means. 
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Hydrodynamic operation of the thrust bearing(s) may 
include supply of hydraulic fluid from the pressure control 
unit (via the supply line connected to fixed pads of the thrust 
bearing(s)). 

Hydrostatic operation of the thrust bearing(s) may include 
supply of hydraulic fluid from the flow control unit to fixed 
pads included in the thrust bearing(s). 
The pressure control unit is connected to the process fluid 

flow on the inlet side or on the outlet side of the pump/ 
compressor for discharge of fluid into the process fluid flow. 
A system as briefly described above thus comprises means 

for practising a method for axial Support of a pump or 
compressor rotor shaft during start-up or shut-down of a 
vertical fluid displacement module for subsea operation 
comprising a motor and a pump or compressor, comprising 
the step of momentarily supplying lubrication fluid for 
hydrostatic operation of hydrodynamic thrust bearing(s) 
from a topside or land-based fluid supply via flow control 
means arranged in conjunction with a Subsea pressure con 
trol unit configured for controlling the Supply and discharge 
of barrier and lubrication fluids to/from said module. 

Further advantages as well as advantageous features of 
the Subsea system and method according to the present 
invention will appear from the dependent claims and the 
following description. 

SHORT DESCRIPTION OF THE DRAWINGS 

The present invention will be more closely explained 
below with reference made to the accompanying drawings, 
schematically illustrating a Subsea system implementing the 
invention. In the drawings, 

FIG. 1 illustrates a system setup for momentary hydro 
static operation of a hydrodynamic thrust bearing in a 
vertical fluid displacement module for subsea operation; 

FIG. 2 is a sectional view through a thrust bearing, 
schematically illustrating the supply of hydraulic fluid for 
hydrostatic operation, and 

FIG. 3 is an end view of a thrust bearing illustrating the 
supply of hydraulic fluid for hydrostatic operation. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the drawing of FIG. 1, a fluid displacement module 
generally referred to by reference number 1, defines within 
its margin a motor unit 2 and a fluid displacement unit 3. In 
operation, the fluid displacement module 1 has an upright or 
vertical orientation as illustrated. The fluid displacement 
unit 3 may comprise a pump which effects displacement of 
a process fluid, or may comprise a compressor which effects 
pressurization of a fluid flow. The pump or compressor 3 
typically has one or more rotors driven in rotation by the 
motor. The rotor(s) are journalled for rotation in a pump or 
compressor cavity which communicates with a process fluid 
line via an inlet and outlet, respectively, in the schematic 
drawing of FIG. 1 commonly referred to as reference 
number 4. 
The motor 2 and the pump or compressor 3 may be any 

conventional structure for Subsea operation known to the 
skilled person. For the purpose of disclosing the invention, 
and without limitation to the disclosed embodiment, FIG. 1 
illustrates an embodiment comprising a screw rotor pump 
having two screw rotors that are driven in rotation with 
intermeshing gears, or timing gears 5, that provide synchro 
nization of the rotary motion. The rotor shafts 6, 7 are 
journalled in radial bearings 8, 9 and 10 in a pump housing, 
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4 
and the rotors are axially Supported from a thrust bearing 11. 
The rotor bearings are separated from the pump medium by 
seal arrangements 12 and 13 at both ends of the rotors. 
The motor 2 is arranged in a motor housing that protects 

the motor from the ambient Sea. In the motor housing, the 
motor shaft is journalled for rotation in radial bearings 14 
and 15. Although not shown in the drawing, thrust bearings 
may be arranged also in the motor housing to take up axial 
loads on the motor shaft. The motor housing interior is 
hydraulically separated from the pump housing interior by a 
seal arrangement 16, through which the motor shaft extends 
to be drivingly connected with the rotors via a flexible 
coupling 17. 
A hydraulic fluid in the motor housing is controlled at a 

pressure above the internal pressure of the pump, acting as 
a barrier which prevents intrusion of process fluid and 
particles into the motor housing via the seal arrangement 16 
sealing about the motor shaft 18. In result of the pressure 
difference, a leak flow of hydraulic fluid along the motor 
shaft is unavoidable. The leakage rate is dependent on fluid 
properties, differential pressure, the transient operating con 
ditions of the pump, and the tightness of the seal(s). The 
leakage is compensated by refilling the motor housing from 
an external supply of hydraulic fluid. Likewise, hydraulic 
fluid is used for lubrication of pump bearings and timing 
gears. The pressure in the pump lubrication fluid is to be 
maintained above the pressure of the pumped medium 
internally of the pump, in order to prevent intrusion of 
process fluid and particles into pump bearings, seals and 
timing gears. Leakage via the pump seals into the pumped 
medium is compensated by refilling from an external Supply 
of hydraulic fluid. 
The Volume and pressure management of hydraulic fluid 

Supplied to the motor and pump units 2 and 3 is provided via 
a pressure control unit 19 to which fluid is supplied from 
topside in a fluid line 20. The pressure control unit 19 
operates as a barrier and lubrication fluids pressure regula 
tion means Supplying or discharging barrier and lubrication 
fluid to/from the Subsea motor and pump/compressor mod 
ule 1. To this purpose motor barrier and lubrication fluid is 
circulated in a fluid circuit 21, 22, 23 providing supply and 
discharge of barrier and lubrication fluid to the motor and the 
motor shaft bearings. Flow of hydraulic fluid inside the 
motor unit 2 is conventionally generated by means of a 
pump or impeller (as indicated in FIG. 1 between 15 and 16, 
e.g.) rotating with the motor shaft. Likewise, pump?com 
pressor barrier and lubrication fluid is circulated in a fluid 
circuit 24, 25, 26, 27 providing supply and discharge of 
barrier and lubrication fluid to the pump/compressor shaft 
bearings and timing gears. Flow of hydraulic fluid inside the 
pump/compressor unit is likewise typically generated by 
means of a pump or impeller rotating with the rotor/rotor 
shaft, such as lubrication pump 30 as indicated in FIG. 1. 
Barrier and lubrication fluid external coolers may be 
included in the fluid circuits 21-23 and 24-27 as conven 
tional, as also indicated in FIG. 1. 
The pressure control unit 19 may advantageously be 

configured as disclosed in applicant's previous Norwegian 
patent application No. 20100902, the contents of which is 
incorporated herein by reference. 

In a preferred embodiment, the pressure control unit 19 
thus comprises first and second pressure compensators and 
flow control valves (not shown in FIG. 1) operated in 
response to a demand for Supply of hydraulic fluid based on 
changes in fluid pressure in the barrier and lubrication fluid 
circuits 21-23 and 24-27. The pressure compensators may be 
any available type of piston loading pressure compensator 
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for use Subsea, and designed for separating a pilot fluid from 
the hydraulic circuit to be controlled. In this embodiment, 
the control unit 19 provides the following operation in the 
system: 

the hydraulic fluid in the motor barrier and lubrication 
fluid circuit 21-23 is pre-tensioned towards the motor 
by a pressure applied from the first separating pressure 
compensator, 

the hydraulic fluid in the pump/compressor barrier and 
lubrication fluid circuit 24-27 is pre-tensioned towards 
the pump/compressor by a pressure applied from the 
second separating pressure compensator; wherein 

the second pressure compensator is responsive to the 
pumped medium pressure at a pump inlet and/or at a 
pump outlet (at a Suction and/or discharge side of the 
pump) to apply the Sum of that pressure and its inherent 
pre-tensioning pressure to the pump/compressor barrier 
and lubrication fluid circuit, and 

the first pressure compensator is responsive to the pres 
Sure in the pump? compressor barrier and lubrication 
fluid circuit to apply the Sum of that pressure and its 
inherent pre-tensioning pressure to the motor barrier 
and lubrication fluid circuit. 

In order to balance the pressures in the barrier and 
lubrication fluid circuits 21-23 and 24-27 relative to the 
pumped medium pressure, the pumped medium pressure is 
communicated to the pressure control unit 19 via pilot lines 
40, 28 acting as pressure reference lines. 

For the same purpose, the pressure control unit 19 may in 
another preferred embodiment comprise first and second 
pressure reducing regulators and pressure control valves (not 
shown in FIG. 1) as disclosed in applicant’s previous 
Norwegian patent application No. 20100905, the contents of 
which is incorporated herein by reference. In the alternative 
embodiment, the pressure control unit 19 comprises: 

a pump/compressor barrier and lubrication fluid circuit 
24-27 in flow communication with a hydraulic fluid 
Supply via a first pressure reducing regulator; 

a motor barrier and lubrication fluid circuit 21-23 in flow 
communication with the hydraulic fluid Supply via a 
second pressure reducing regulator, wherein 

the first pressure reducing regulator is configured to 
reduce the Supply fluid pressure in response to the 
pumped medium pressure at the Suction side or at the 
discharge side of the pump, and 

the second pressure reducing regulator is configured to 
reduce the Supply fluid pressure in response to the 
output pressure of the first pressure reducing regulator. 

A detailed explanation of the internals and operation of 
the pressure control unit 19 is available from the referenced 
and incorporated Norwegian patent applications. 
Now looking closer to the structure of the rotor thrust 

bearing 11, see also FIG. 2. The thrust bearing 11 comprises 
rotationally fixed tilted pads 29 supporting axially the pump 
or compressor rotor. In operation, hydraulic fluid in the 
pump/compressor fluid circuit 24-27 is pressurized and fed 
to the thrust bearing by a rotating rotor, or by means driven 
by the rotor such as a lubrication pump 30 (see FIG. 1) 
associated with the timing gear assembly 5, e.g. This way, 
pressurized lubrication fluid is supplied to the tilted pads to 
generate, upon rotation, separation of the thrust-engageable 
surfaces by creation of a hydrodynamic fluid film between 
the pads 29 and opposing axial faces formed on or connected 
with the rotor. In this mode, the operation of the thrust 
bearing 11 is hydrodynamic. 

In a pure hydrodynamic thrust bearing, the fluid pressure 
and flow of hydraulic fluid successively decreases with 
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6 
decreasing rotational speed of the rotor until thrust-engage 
able surfaces, i.e. the Supporting pads in the bearing and 
opposing axial faces on the rotor, are brought into frictional 
contact during shut-down. In start-up from a stand-still 
mode the thrust-engageable surfaces rotate under frictional 
contact until rotor speed and resulting fluid pressure and 
flow is sufficient to separate the axial faces on the rotor from 
the pads. 

According to the invention, the hydrodynamic thrust 
bearing 11 is momentarily operated as a hydrostatic bearing 
during start-up and shut-down until the rotor speed is 
Sufficient to provide hydrodynamic operation. To this pur 
pose hydraulic fluid is supplied to generate a fluid film at the 
interface between the pads and opposing axial faces on the 
rotor. Hydraulic fluid is supplied to this interface via aper 
tures 31 formed through the pads 29. Each pad may be 
formed with an aperture 31 communicating hydraulic fluid 
to the interface from a common fluid cavity or channel 32 
formed in a pad base 33 in which the pads are mounted. A 
sealed insert 34 provides fluid passage between each pad 29 
and the pad base 33. The hydraulic fluid is supplied to the 
channel 32 in the pad base via a fluid supply line 35 
connecting the thrust bearing 11 with the flow control unit 
41. A flow control valve 36 in fluid supply line 35 controls 
the supply of hydraulic fluid to the thrust bearing 11. A check 
valve 37 in fluid supply line 35 prevents reverse flow. A 
pressure regulating valve 38 may additionally be provided to 
regulate the pressure of fluid supplied to the thrust bearing 
11. The flow control valve 36, as well as the pressure 
regulating valve 38 if appropriate, is preferably electrically 
responsive to control signals from a topside control that 
operates the hydrostatic mode of the thrust bearing. The 
pressure regulating valve 38 may be associated with an 
electrical motor drive allowing for remote adjustment of the 
hydrostatic pressure supply level in the thrust-bearing lubri 
cation fluid supply line 35. 

FIG.3 shows an alternative embodiment wherein hydrau 
lic fluid is fed radially to the fixed pads 29. To this purpose 
each pad is formed with connecting axial and radial channels 
that connect the aperture 31 with a peripheral fluid connec 
tion 39 to which hydraulic fluid is supplied from the flow 
control unit 41. 

Hydraulic fluid supplied via pad apertures 31 is allowed 
to leak into the pump/compressor barrier and lubrication 
fluid circuit 24-27. The resulting rise in pressure in the fluid 
circuit 24-27 is handled by the pressure control unit 19, from 
which excessive fluid is discharged to external recipient, 
typically to the process fluid flow via discharge line 40 
which communicates reference pressure to the pressure 
control unit 19. The flow control unit 41 in this way provides 
a hydrostatic pressure between the pads 29 and opposing 
axial faces in the thrust bearing 11 at start-up and shut-down 
respectively. Further in result of communicating the hydro 
static pressure in the thrust bearing 11 via fluid circuit 24-27 
to the pressure control unit 19, the pressure in the motor 
barrier and lubrication fluid circuit 21-23 is instantly bal 
anced and maintained at the predetermined pressure above 
the pump/compressor barrier and lubrication fluid pressure 
in circuit 24-27, by the intrinsic operation of the pressure 
control unit 19 as previously explained. 
The flow control means 36-38 may be arranged as a flow 

control unit in a separate housing 41 to which hydraulic fluid 
is supplied from topside. The flow control means 36-38 may 
alternatively be arranged together with the components of 
the pressure control unit 19 in a common housing 42 to 
which hydraulic fluid is supplied from topside. In both cases, 
the housings 41 or 42 may be connectable to the motor and 
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pump/compressor module 1 through fast coupling means by 
which the housings are dismountable and retrievable. Such 
as by means of a remotely operated vehicle ROV, e.g. 
Likewise, the pressure control unit 19 may be arranged 
dismountable and separately retrievable by means of a ROV. 
C.2. 
The invention is of course not in any way restricted to the 

embodiments described above. On the contrary, many pos 
sibilities to modifications thereof will be apparent to a 
person with ordinary skill in the art without departing from 
the basic idea of the invention such as defined in the 
appended claims. 
The invention claimed is: 
1. A method for axial Support of a pump or compressor 

rotor shaft during start-up or shut-down of a vertical fluid 
displacement module for Subsea operation comprising a 
motor and a pump or compressor, the method comprising: 

momentarily Supplying, during the start-up or shut-down 
of the vertical fluid displacement module, lubrication 
fluid into hydrodynamic thrust bearing(s) for hydro 
static operation of the hydrodynamic thrust bearing(s) 
from a topside or land-based fluid supply via a flow 
control module arranged in cooperation with a Subsea 
pressure control unit configured for controlling the 
Supply and discharge of barrier and lubrication fluids 
to/from said vertical fluid displacement module. 
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2. The method according to claim 1, wherein the subsea 

pressure control unit is operated to generate a fluid film flow 
between pads of the hydrodynamic thrust bearing(s) and 
opposing axial faces on rotors in the pump or compressor, 
and wherein operation of the Subsea pressure control unit 
comprises discharge of barrier/lubrication fluid from the 
Subsea pressure control unit to the pump or compressor. 

3. The method according to claim 1, wherein momentarily 
supplying the lubrication fluid into the hydrodynamic thrust 
bearing(s) comprises: 

operating a flow control valve arranged in a thrust bearing 
lubrication fluid supply line connected to the hydrody 
namic thrust bearing(s) in the pump or compressor. 

4. The method according to claim 1, further comprising: 
electrically controlling the flow control module from a 

topside control. 
5. The method according to claim 1, further comprising: 
controlling a Supply pressure in a thrust bearing lubrica 

tion fluid Supply line by a pressure regulating valve. 
6. The method according to claim 1, further comprising: 
Supplying hydraulic fluid from the pump? compressor bar 

rier and lubrication fluid circuit to the thrust bearing(s) 
in hydrodynamic operation of the thrust bearing(s). 

k k k k k 


